A multistate outbreak of hepatitis A virus (HAV) among European travellers returning from Egypt occurred between November 2012 and April 2013. A total of 14
European Union (EU)-European Free Trade Association (EFTA) countries reported 107 cases. Twenty-one cases from six countries were affected by strains of subgenotype IB harbouring identical RNA sequences, suggesting a common source outbreak. An international outbreak investigation team interviewed a number of cases with a trawling questionnaire to generate hypotheses on potential exposures. Some of these exposures were further tested in a case-control study based on a more specific questionnaire. Both trawling and case-control questionnaires aimed to collect cases' vaccination details as well as epidemiological information. Most cases participating in either questionnaire (35/43) had been staying in all-inclusive hotels located along the Red Sea. The case-control study found cases associated with exposure to strawberries or mango (multivariable analysis p value: 0.04). None of the 43 cases interviewed in any of the two questionnaires had been vaccinated. The most common reasons for non-vaccination was unawareness that HAV vaccination was recommended (23/43, 53%) and perceiving low infection risk in all-inclusive luxury resorts (19/ 
43, 44%). Vaccination had not been

Introduction
Hepatitis A is an acute illness caused by hepatitis A virus (HAV), which is characterised by dark urine, discoloured faeces, fatigue, fever and jaundice. Transmission mainly occurs through ingestion of contaminated food and water, and via the faecal-oral route among close contacts to infected persons. The incubation period for hepatitis A is approximatively 30 days and can range from 15 to 50 days [1] . The risk of developing symptomatic illness following HAV infection is related to age: in young children (≤5 years of age), HAV infection is usually asymptomatic but among older children and adults, infection usually causes clinical disease with jaundice occurring in more than 70% of cases [2] .
The incidence of HAV infection has been declining in most countries of the European Union (EU) during recent decades, reflecting improved hygiene and living conditions, and was estimated at 2.5 per 100,000 in European Economic Area-EU countries in 2011 [3] . However, hepatitis A remains one of the most common travel-related diseases among European travellers [4, 5] . An effective and safe vaccine against HAV infection is available on the market since the early 1990s [2, 6] .
On 15 April 2013, the Norwegian Institute of Public Health communicated through the Epidemic Intelligence Information System for Food-and Waterborne Diseases and Zoonoses platform (EPIS-FWD) of the European Centre for Disease Prevention and Control (ECDC) an increase in HAV infections in travellers returning from Egypt compared with the normal annual rate [7] . Following Norway's notification, several EU-European Free Trade Association (EFTA) countries reported cases with disease onset after 1 November 2012 and recent travel history to Egypt (mainly to resorts in the Red Sea). Some of these cases shared identical viral RNA sequences (genotype IB) to the outbreak strain isolated in four Norwegian patients. Egypt, and particularly the Red Sea area, is a popular tourist destination for European travellers [7] ; HAV infection in Egypt remains highly endemic and the virus is frequently detected in the environment [8] .
The significant increase of travel-related cases compared with the historical baseline at country level, together with the identification of the same HAV sequence in cases from different countries, suggested a multistate outbreak [9] . An outbreak investigation coordinated by the ECDC and involving several public health institutes in EU-EFTA, the World Health Organization (WHO) Regional Offices (RO) for Europe and the Eastern Mediterranean as well as Egyptian public health authorities, was initiated to identify common exposures among cases. Moreover, to determine if vaccination recommendations to travellers should be reinforced, the vaccination details of cases were sought. While the first cases and outbreak strain sequence were described in a preliminary report, which was published when the epidemic was ongoing [7] more detailed findings of the epidemiological investigation are presented here, including the results of a case-control study.
Methods
Case definition and case finding
After the initial alert in EPIS-FWD, the following EU-EFTA epidemic case definition was established: A probable case was defined as a symptomatic person with a laboratory-confirmed HAV infection (presence of IgM and/or polymerase chain reaction (PCR)-positive), with onset of symptoms (or date of testing if onset date not available) after 1 November 2012, with travel history to Egypt two to six weeks before onset of symptoms (or date of testing if onset date not available) and no other known hepatitis A exposure. A confirmed case was defined as a probable case with HAV RNA sequence matching the outbreak sequence first isolated from Norwegian cases [7] . Cases, for which typing was performed but resulted in a sequence different to the outbreak strain, were excluded. Countries were asked to report to ECDC via the EPIS-FWD platform the number of HAV cases meeting the outbreak case definition together with available information on demographic characteristics, clinical features and travel details.
Trawling questionnaire
The International Outbreak Investigation Team (IOT) developed a trawling questionnaire in order to generate hypotheses on potential risk exposures. The primary aim was to interview confirmed cases clustered in the same hotels, but countries were encouraged to interview also probable cases from these hotels when this was not possible. Trawling questionnaire collected information on basic demographics, symptoms, vaccination status, travel details (travel agencies, airports, airlines), holiday activities (swimming, scuba diving, snorkelling, day/night trips) and food and drink consumption at the hotel food services during the stay in Egypt. Questionnaires were translated to respective languages, and staff from the cases' respective national public health authorities conducted the trawling interviews.
Case-control study
We designed a case-control study in order to identify risk factors associated with disease transmission by testing hypotheses on exposures found through the trawling questionnaire. Both confirmed and probable cases staying at the same hotels during the same time period (between January and March 2013) as at least one confirmed case were eligible for inclusion in the case-control study.
Cases eligible for the case-control study were asked to nominate as controls travel companions staying at the same hotel during the same period, a form of convenience sampling. Controls were excluded if they reported history of HAV vaccination or had knowingly been infected with HAV (to exclude as many controls who would have been protected against infection as possible) or were under 16 years of age (to minimise misclassification due to asymptomatic infection).
The IOT developed the case-control questionnaire (available on request), which included the same questions on basic demographics, symptoms and vaccination details as the trawling questionnaire; however, it comprised more detailed questions on consumption of food and drink items most frequently mentioned in the answers to the trawling questionnaire. Cases recruited for the case-control study, which had not been previously investigated with the trawling questionnaire, were interviewed with the case-control questionnaire. For cases considered in the case-control study which had already participated in the trawling questionnaire, we developed a supplementary questionnaire including only the detailed questions on exposures of interest. Cases either completing the case-control questionnaire, or the trawling questionnaire followed by the supplementary questionnaire, were included in the case-control study.
Assessment of vaccination details among cases
As all countries affected by the outbreak had explicit HAV vaccination recommendations for travellers to Egypt, we aimed to study the vaccination status and reasons for non-vaccination among cases in order to find out if awareness of these recommendations should be improved. Both the trawling and case-control questionnaire collected information on vaccination (vaccination status, year of vaccination and dose, allowing calculation whether vaccination was protective at time of travel). Participants were also asked whether advice was sought from medical professionals before their trip to Egypt and if yes, whether vaccination was recommended, not recommended or not discussed during the consultation. Furthermore, the cases were asked to specify reasons for non-vaccination. All cases interviewed in the trawling questionnaire or in the casecontrol study were included in the descriptive analyses on vaccination.
Data analysis
We describe cases and controls in terms of demographics (age, sex and country of origin), clinical symptoms (cases) and exposures of interest through crude numbers and proportions. Food items served in different forms (e.g. strawberries as fresh fruit, in smoothies, pastries or in fruit sauce) were recoded into a single exposure variable. In the univariate analysis, we assessed the associations between outcome and exposures of interest by calculating odds ratios (OR) and 95% confidence intervals (CI), and determined the p-value with the Fisher exact test. To adjust for potential confounders, we fitted into a multivariable logistic regression model any exposure positively associated with the outcome with a p-value < 0.25, excluding those with fewer than 10 cases [10] . We used STATA version 12 (Statacorp, College Station, Texas) to perform the analysis.
Laboratory methods
Laboratory confirmation of HAV infection included a positive IgM and/or PCR result, which was determined by standard serological or virological methods in the respective countries. If feasible, the RNA sequence of HAV (442 nucleotides in VP1/2A region) was determined in laboratories in different countries following respective protocols. The outbreak strain sequence has been published previously [7] .
Results
Description of the outbreak
A total of 107 cases (21 confirmed and 86 probable) were reported from the following EU-EFTA countries: Denmark (n = 8), Estonia (n=1), Finland (n=2), France (n=9), Germany (n=44), Ireland (n=2), Latvia (n=1), Lithuania (n=3), the Netherlands (n=10), Norway (n=7), Slovakia (n=2), Sweden (n=6), Switzerland (n=3) and the United Kingdom (UK) (n = 9). For the 102 cases with available information, the date of symptom onset, or date of testing (if onset date was not available), ranged from 2 November 2012 (week 44) to 26 April 2013 (week 17) (Figure 1 ). Most cases (n=72, 71%) occurred between January and April (weeks 3 to 15) 2013 with a peak in case numbers in week six (February). Six countries (Denmark, France, Ireland, the Netherlands, Norway, and the UK) identified confirmed cases (n=21); all were reported in 2013 (Figure 1 ). Confirmed cases information on onset date and testing date. Cases were reported from following countries: Denmark (n = 8), Estonia (n = 1), Finland (n = 2), France (n = 9), Germany (n = 44), Ireland (n = 2), Latvia (n = 1), Lithuania (n = 3), the Netherlands (n = 10), Norway (n = 7), Slovakia (n = 2), Sweden (n = 6), Switzerland (n = 3), United Kingdom (n = 9). b Date of testing for hepatitis A virus was used if symptom onset date was not available (n = 13 cases). 
Figure 2
Numbers of cases recruited to participate in the trawling questionnaire and number of cases and controls for the case-control study, European travellers to Egypt, 2012-2013
a Both confirmed and probable cases staying at the same hotels during the same time period (January-March 2013) as at least one confirmed case were eligible for inclusion in the casecontrol study.
Cases fulfilling the outbreak case definition
Cases n=107 (21 confirmed cases) from 14 countries
Interviews with the trawling questionnaire
Cases n=30 (11 confirmed cases) from 10 countries
Case-control study (60 cases eligible for the study a ) Cases n=27 (18 confirmed cases) from eight countries including:
• Cases previously interviewed with trawling questionnaire n=16
• Cases not interviewed with the trawling questionnaire n=11
Controls n=13 from five countries reported staying in seven different hotels in three different geographically dispersed locations in Egypt; Taba, Sharm El Sheikh and Hurghada.
Trawling questionnaire
A flowchart summarising the number of cases recruited for the trawling questionnaire and the case-control study is shown in Figure 2 .
Thirty cases were interviewed with the trawling questionnaire in May 2013, including 11 confirmed and 19 probable (Figure 2 ). Travel details and activities during the holiday did not suggest common activities and exposures among cases which stayed at different hotels in Egypt and came from different countries. Consumption of several food items at the hotel services was frequently mentioned by cases such as fresh fruits and berries, raw vegetables, different salads and orange juice. These exposures were included in the case-control study questionnaire.
Case-control study
Twenty-seven of the 60 cases eligible for the study were interviewed with the questionnaire between June and August 2013. Thirteen controls were included in the study (Figure 2 ). Cases and controls stayed at six and four different hotels, respectively. Participants' characteristics are presented in Table 1 .
At univariate level, cases were more likely than controls to have consumed strawberries, raspberries and mango in any form (p value ≤ 0.05, Table 2 ) with strawberry exposure mentioned by 17 of 21 cases. Exposure to fresh strawberries, mango, and to orange juice, were more common among cases but these associations were not statistically significant. The frequency of other exposures repeatedly mentioned in the trawling questionnaire (> 70% exposure) including to different salads, jam and marmalade, ice (water-based), cooked fish, sandwiches, eggs and raw vegetables, were similar between cases and controls (data not shown). The multivariable model included exposures to strawberries, mango and orange juice: exposure to strawberries and mango remained independently significant (Table  2 ). Cases and controls did not significantly differ in age or sex distribution and these variables were not adjusted for in the model (p values > 0.16).
Vaccination status among cases and reasons for non-vaccination
All cases interviewed with the trawling questionnaire (n = 30) or with only the case-control questionnaire (n = 13 Figure 2 ), were included in this study. Among the 43 cases, none were vaccinated. The most common reason for not being vaccinated was not knowing that HAV vaccination was recommended, (23/43), followed by not perceiving a high risk of infection in an all-inclusive luxury resort (19/43) ( Figure 3 ). Thirty-five of the 43 interviewed cases stayed at resorts or hotels, which were all-inclusive. Six cases sought professional medical advice before travel and for five cases vaccination was not recommended. These cases represented four different countries. When the vaccine was not recommended, a general practitioner (GP) was indicated as the specific source of advice for three of the cases, while for the two remaining, the details on source of information were missing. For the sixth case, vaccination was recommended by a GP, but this advice was eventually ignored. 
Discussion
We describe a multistate outbreak of HAV sub-genotype IB infection among European travellers returning from Egypt. The outbreak highlighted the risk of hepatitis A for non-immune Europeans visiting a highly endemic country. A persistent common source of infection was suspected as identical HAV strains were isolated from several cases over a period of several weeks. Unfortunately, HAV genotyping is not routinely done in many EU countries and some laboratory-confirmed cases in the context of the outbreak may have been overlooked by the retrospective investigation. Transmission likely occurred through contaminated food, with contaminated strawberries or possibly mangos being likely vehicles of the outbreak. Cases were not aware of the vaccine recommendations or did not perceive a high risk of infection in all-inclusive holiday resorts, despite all the affected countries having explicit HAV vaccination recommendations for Egypt. Moreover, for the six cases identified among 43 interviewed in our study, which sought medical advice before travel, vaccination was not recommended for five.
The vaccine against HAV is highly immunogenic and effective [2] and the infection can be prevented when travelling to high-risk destinations by following national vaccination recommendations in nearly every European country. Our study pointed out that awareness of vaccine recommendations should clearly be improved, including among GPs giving advice on vaccinations to travellers. It is also important to reinforce that vaccination is needed in countries with high endemicity of HAV even in settings that the public consider safe, namely all-inclusive holiday resorts. A study on travelassociated HAV infections in Switzerland indicated that risk of contracting hepatitis A is often underestimated in nearby regions for Europeans despite endemicity, such as northern Africa [4] . Another study showed that Swedish tourists travelling to Egypt were less frequently vaccinated than Swedish travellers to other high-risk areas, probably due to low risk perception [11] , corroborating our findings.
HAV infection can lead to severe illness, particularly in older adults [1] , and the direct medical costs and indirect costs of lost productivity associated with hepatitis A can be substantial [3] . Two-thirds of the cases in our study were hospitalised, showing a hospitalisation rate that is higher than usual for hepatitis A [12, 13] . This probably reflects that only cases with a severe infection visit healthcare and are notified to the national surveillance systems. Infection in travellers may further lead to secondary transmission back in home countries, thereby further increasing the burden of travel-associated infections. Particularly, if infected travellers work in settings such as foodhandling, transmission may spread through the larger community [14] . Some secondary cases related to this outbreak were reported but we were not able to assess the full extent of secondary transmission due to our case definition restrictions in case finding.
The outbreak was most likely foodborne with transmission occurring on hotel premises, as other exposures did not concur between cases. Most cases only ate at the hotels and never left hotel grounds.
Since the genetic substitution rate in HAV is considered unusually low [15] and several cases with identical HAV-strains were identified, a common source was suspected. However, multiple sources cannot be excluded and we were not able to compare full-length sequences of the HAV strains, which could have confirmed the genetic relatedness between the outbreak isolates. Food-borne transmission of HAV has been implicated in several outbreaks [14, [16] [17] [18] , including a very large hotel outbreak in Egypt in 2004 affecting travellers [19] . In that outbreak, the food vehicle also was an Egyptian produced fruit preparation (citrus juice). The recent outbreaks in Nordic countries and Italy in 2013 were associated with the consumption of frozen strawberries and mixed berries, respectively [20, 21] . Phylogenetic analysis indicated that the outbreak sequences from the Nordic outbreak clustered with the strain identified in this study and with other strains previously isolated from travellers returning from Egypt, suggesting these strains may have a common ancestor in Egypt or surrounding countries [20] .
Our case-control study indicated that exposure to strawberries and possibly mango was associated with being infected with HAV. However, raspberries cannot be ruled out as more controls could have allowed further analyses with this exposure. Both strawberries and mango were often consumed as fresh products. Information on dose of exposure was collected but often missing and thus not analysed. The association to strawberries appears to be the most likely source of infection, given that the strawberry production season in Egypt spans from December to April, which coincides with the timing of this outbreak. In contrast, mango season is in the summer and local fresh mango thus unavailable in the winter. Strawberries are also biologically plausible, since they are ready to eat and hard to effectively wash. Contamination could have occurred upon water irrigation or rinsing near the place of production -local contamination in the various hotels seems unlikely, given the single outbreak strain. There is no evidence of a link between this outbreak and the other concurrent strawberry-associated outbreaks in Europe [20, 21] as the HAV strains differ. We were not able to obtain information from the hotels affected regarding menus, possibly sick food handlers, or possible distribution chains of the implicated food items, which could have explained clustering of cases in certain hotels, and enabled to further assess the findings from our analytical study.
The results from the analytical study must be interpreted with caution. The time between interviews and exposure to infection was several months and cases were possibly more likely to remember exposures than controls. Recall bias may have resulted in overestimated measures of associations. Several cases were included in both the trawling interviews and in the analytical study, which should normally be avoided but this was not feasible in our study due to restricted sample size. We were not able to retrieve lists of healthy guests from the affected hotels for control sampling. The number of controls in the case-control study was small and we could not take into account the fact that controls did not represent all the same hotels as cases. Selecting controls from travel companions may have resulted in over-matching and possibly underestimation of the strength of associations; however, this choice ensured that controls had the same chance as the cases to be exposed to the infection. Moreover, attributable to small sample size and missing data, the number of observations used in the multivariable model was rather small leading to limited power. Media attention around strawberries and HAV infection in Nordic countries (Sweden, Norway, Denmark and Finland) due to the concurrent strawberry-associated outbreak may have had an effect on recalling food exposures in our study. However, the frequency of exposure to strawberries among cases from Nordic countries was not higher than other cases in our study; in fact, it was lower (data not shown) and thus, media bias probably did not have major influence on our findings. Our study design was not specifically designed to study vaccination status and reasons for non-vaccination among travellers to Egypt in general. Therefore we were only able to study vaccination details among cases in our study and cannot generalise findings to travellers to Egypt in general. It would have been of interest to analyse reasons for non-vaccination by country of cases but this was not done due to small sample size. This outbreak investigation was conducted in collaboration with several public health institutes in Europe, ECDC, WHO and local Egyptian authorities. The cooperation, involving both epidemiological and microbiological investigations, was essential in an outbreak affecting several countries and occurring in a popular holiday destination and should be promoted and reinforced if similar multistate outbreaks occur in the future. However, outbreaks affecting Europeans outside EU are often challenging to investigate. For instance, the collection of important information can be cumbersome and, as also applies to outbreaks within the EU, performing environmental investigations is not always possible. Initial difficulties should not, however, discourage the investigations of events putting European travellers at risk, especially when recurrently happening in very popular destinations.
The results of our investigation suggest that public health authorities should reinforce the importance of vaccination before visiting HAV-endemic areas with information campaigns targeting travellers, travel agencies and healthcare providers, particularly the GPs often mentioned as the source of advice in this study. Hotels and travel agencies should monitor the hygiene practices in food handling and preparation more carefully and yet unvaccinated tourists should avoid food items considered likely vehicles of HAV. After previous outbreaks affecting travellers returning from Egypt, it was suggested that travel agencies should consider adding reminders of vaccination upon booking holidays to Egypt [22] [23] [24] . Recently revised proposal of an EU directive on package travel also highlights that the retailer should provide proper health information to travellers [25] . This outbreak evidently showed that more efficient actions are needed in order to improve vaccine uptake and prevent future outbreaks of HAV among travellers.
